Purpose: Health-related quality of life (HRQoL) is a significant prognostic factor for overall survival in hepatocellular carcinoma (HCC) patients, and this is independent of stage and liver function. Inflammation plays a significant role in HCC development and progression. It was hypothesized that the inflammatory status of HCC patients may affect their HRQoL. The relationship between HRQoL and inflammatory status was explored using indicators IL-8 level and modified inflammation-based index (mIBI, based on IL-8, C-reactive protein, and albumin). Methods: From 2007-2011, HCC patients were enrolled prospectively. Baseline HRQoL assessment utilized the European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30 and QLQ-HCC18; clinical and laboratory data were collected at diagnosis. Two summary indices, C30 and HCC18 index-scores, were calculated. Correlation analyses were performed between HRQoL and inflammatory markers. Results: In the 445 patients studied, significant correlations were found between IL-8 levels and EORTC QLQ-C30, QLQ-HCC18, C30, and HCC18 index-scores. The strongest correlated factors were those reflective of constitutional symptoms, namely QLQ-C30 "appetite loss" (with Pearson's correlation coefficient, r=0.322, P<0.0001); QLQ-C30 "fatigue" (r=0.311, P<0.0001); QLQ-C30 "role functioning" (r=−0.305, P<0.0001); QLQ-HCC18 "nutrition" (r=0.317, P<0.0001); and QLQ-HCC18 "fatigue" (r=0.306, P<0.0001). In addition, moderate but significant correlations were also observed with HCC18 index score (r=0.321, P<0.0001), and C30 index score (r=0.306, P<0.0001). HRQoL factors were also significantly correlated with mIBI. Conclusion: Baseline HRQoL using the conventional assessments of EORTC QLQ-C30 and QLQ-HCC18, as well as C30 and HCC18 index-scores, significantly correlated with inflammatory indicators (IL-8 level and mIBI) in HCC patients. Among the strongest correlations were those between IL-8 level and the two index-scores, as well as HRQoL aspects that represent constitutional symptoms. When paralleled with molecular findings, traditional HRQoL assessment in HCC has gained a new level of understanding: pattern recognition within an HRQoL instrument could potentially identify patients with more severe inflammatory state.
Introduction
Hepatocellular carcinoma (HCC) is an aggressive cancer, which carries a high morbidity and mortality. It is the fifth commonest cancer and the second leading cause of cancer death in the world. 1 In early days, when HCC treatment was limited, the
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li et al prognosis of HCC patients was poor, with median survival of 2-4 months, albeit with a wide survival range from 0.1-65 months. [2] [3] [4] [5] Various factors have been reported to be of prognostic significance for HCC. Of these, two emerging factors are health-related quality of life (HRQoL) [6] [7] [8] [9] [10] and inflammatory markers. 11 Inflammation plays a significant role in HCC development and progression. 12 In HCC, an immunosuppressive environment has been demonstrated. 12 Tumor-promoting inflammatory cells, including myeloid-derived suppressive cells (MDSC) and regulatory T cells, and tumor-promoting microenvironment have been reported to foster cancer cells immune evasion, proliferation, invasiveness, and angiogenesis. 13 Predominant Th2-like cytokines (IL-4, IL-8, IL-10, and IL-5) compared to Th1-like cytokines (IL-1α, IL-1β, IL-2, tumor necrosis factor α) in the tumor microenvironment was associated with a more aggressive form of HCC. 14 HCC patients with higher MDSC counts were found to have higher serum IL-10, IL-13, and vascular endothelial growth factor levels. These patients have been reported to have more advanced stage HCC, poorer liver functional reserve, and shorter overall survival (OS). 15 On the contrary, HCC patients with an inflammatory microenvironment with the presence of immune cells infiltration and an expression of innate immune response genes within their resected tumors were shown to have more favorable prognosis with longer survival than those without such an inflammatory microenvironment. 16 It is unknown if tumor-promoting or tumor-inhibitory inflammatory responses would result in systemic manifestation along with elevation in inflammatory markers including serum cytokine levels, thereby affecting patients' constitutional symptoms. For instance, a higher serum IL-6 level has been associated with shorter survival in one study; 17 however, another study has reported conflicting results. 18 On the other hand, higher serum levels of IL-8, IL-35, fibroblast growth factor 2, growth-regulated oncogene, interferon gammainduced protein 10, vascular endothelial growth factor, as well as lower serum levels of interferon alpha-2 have also been reported to be associated with shorter relapse-free and OS in HCC patients. 19, 20 Various studies have explored the prognostic significance of a panel of cytokines in HCC patients, one of these studies was from our group, who evaluated 42 cytokines. IL-8 has been consistently found to be the only significant prognostic cytokine for survival. [21] [22] [23] HRQoL is a multifaceted and complex assessment of human life with special attention paid to healthcare-related issues. Earlier reports, as well as more recent studies, have shown HRQoL to be a prognostic factor for patients with early as well as advanced stage HCC. [6] [7] [8] [9] The incorporation of HRQoL data into existing staging systems has been suggested to further enhance their prognostication powers. 7, 8, 24 In our recently reported cohort, the prognostic significance of baseline HRQoL at HCC presentation was independent of clinical variables including the stage of HCC, liver function, and patient's demographic data. 9 The HRQoL factors that were analyzed included a general HRQoL instrument for cancer patients, the European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30, as well as HCC-specific HRQoL instrument, QLQ-HCC18. Apart from conventional assessment using these instruments, our proposed C30 index score and HCC18 index score, which were, respectively, summative scores of all the domains and items of QLQ-C30 and QLQ-HCC18, were also found to be significant prognosticators. 9 These index scores have the advantage of transforming complex HRQoL data into simpler tools that are applicable to routine daily clinical practice.
A few recent reports have suggested that correlations exist between HRQoL and cytokine levels in patients with advanced malignancies. [25] [26] [27] [28] [29] Although the reason for such a correlation has not yet been elucidated, cancer-induced cytokine release as a result of inflammatory response has been implicated in cachexia. 30 Alongside functional impairment, cachexia is associated with a variety of symptoms including malaise, anorexia, and weight loss. We hypothesized that HRQoL impairment in HCC patients may be correlated with their status of inflammation. In this study among HCC patients, the objectives were to determine the correlations between HRQoL and inflammatory status of individual patients. The latter was determined by IL-8 level and the modified inflammationbased index (mIBI), which have recently been identified to be prognostic markers in patients with HCC. 23 
Methods Patients
From January 2007 to December 2011, newly diagnosed HCC patients were invited to the study.
Patients were eligible for the study if they had newly diagnosed HCC (based either on histology, typical findings from radiological and biochemical tests, or typical imaging findings in two radiological modalities), had not received any treatment for HCC, and were able to read and comprehend Chinese. Patients were excluded from the study if they had a history of other malignancies, encephalopathy, or cognitive impairment. Detailed descriptions of these assessments are listed in Table 1 .
Inflammatory markers, clinical factors, and follow-up Baseline blood taken was used to assess the serum levels of IL-8, C-reactive protein (CRP), and albumin. mIBI is an inflammation-based score derived from IL-8, CRP, and albumin levels. To calculate mIBI, a score is assigned according to the level of log 10 IL-8 (0 for <1.8; 1 for ≥1.8), CRP (0 for <10 mg/dL; 1 for ≥10 mg/dL), and albumin (0 for ≥35 g/L; 1 for <35 g/L), respectively. mIBI score is the summation of these three scores. The cut-off of log 10 IL-8 at 1.8 was determined by a receiver operator characteristic curve in the prognostic analysis, which has been reported previously. 23 Demographic and clinical data were collected. Patients were followed up until death. eORTC QlQ-C30 is a general cancer instrument containing multiple items, measured in multiple-point likert scales, that reflects the multidimensionality of the HRQoL construct. It includes five functional domains (physical, role, cognitive, emotional, and social), three symptom domains (fatigue, pain, and nausea and vomiting), and a global health and HRQoL domain. Six single items assess common symptoms in cancer patients (dyspnea, appetite loss, sleep disturbance, constipation, diarrhea), and financial problems. All scales and domains are transformed to scores ranging from 0-100. A lower score for a functional or global HRQoL scale reflects a poorer functioning level or global QoL, while a lower score for a symptom/ problem scale reflects less symptoms/problem (better HRQoL).
eORTC QlQ-HCC18 EORTC QLQ-HCC18 includes 18 multiple item scales organized into six domains (fatigue, body image, jaundice, nutrition, pain, and fever) and two items (abdominal swelling and sex life). All scales are grouped and transformed to score ranging from 0-100. A lower score represents a less severe symptom/problem (better HRQoL). EORTC QLQ-HCC18 is used together with eORTC QlQ-C30. C30 index score ∑[(100-physical functioning), (100-role functioning), (100-emotional functioning), (100-cognitive functioning), (100-social functioning), (100-global QoL), scores of fatigue, nausea and vomiting, pain, dyspnoea, insomnia, appetite loss, constipation, diarrhea, financial difficulty] ÷ 15 Range of C30 index score: 0-100; a lower score represents a less severe symptom/problem. HCC18 index score ∑(scores of fatigue, body image, jaundice, nutrition, pain, fever, sex life, abdominal distension) ÷ 8 Range of HCC18 index score: 0-100; a lower score represents a less severe symptom/problem. dichotomized variables and continuous HRQoL factors were analyzed by Student's t-test and/or logistic regressions. The statistical analyses were performed using statistical software (SAS version 9.3; SAS Institute, Cary, NC). A P-value of <0.05 was regarded as statistically significant.
Ethics approval and informed consents
This study was approved by the regional ethics committee (Joint Clinical Research Ethics Committee of the Chinese University of Hong Kong and New Territories East Cluster of Hospital Authority). Written informed consent was obtained from all study patients.
Results
Patient characteristics
Four hundred and forty-five patients had complete HRQoL data and information on their inflammatory indicators. Tables 2  and 3 show the patients' baseline clinical characteristics, inflammatory indicators, and HRQoL. The median age at diagnosis was 60 years. The majority of patients (94%) had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1. Fifty-eight percent had cirrhosis, 81% had hepatitis B, while 6% had hepatitis C infection. 
Correlation between HRQoL and IL-8 level
The mean IL-8 level was 128.4 (±171.7) pg/ml, and the mean log IL-8 value was 1.84 (±0.51) pg/ml. HRQoL was significantly correlated with log IL-8 level (see Table 4 ). Log IL-8 had positive and significant correlations with C30 index score, HCC18 index score, QLQ-C30 "fatigue", "nausea and vomiting", "pain", "dyspnea", "insomnia", "appetite loss", "diarrhea", and "financial difficulty", QLQ-HCC18 "fatigue", "body image", "jaundice", "nutrition", "pain", "sex life", and "abdominal swelling" (P<0.05). Log IL-8 had a negative and significant correlation with QLQ-C30 "physical functioning", "role functioning", "emotional functioning", "social functioning", and "global QoL". That is, a higher log IL-8 level was correlated with worse HRQoL. Figures 1 and 2 , respectively. Additional analyses were conducted using logistic regression, and findings of univariate and multivariate analyses support the above findings (see Tables S1 and S2) .
Correlation between HRQoL and mIBI
HRQoL domains/items were significantly correlated with mIBI (see Table 5 ). Two hundred and nine patients (47%) had mIBI 2-3. Compared to patients with mIBI 0-1, those with mIBI 2-3 had significantly worse mean C30 index score and HCC18 index score (Student's t-test P<0.0001). mIBI 2-3 was also significantly associated with HRQoL domain/item scores in QLQ-C30 "physical functioning", "role functioning", "social functioning", "global QoL", "fatigue", "nausea and vomiting", "pain", "dyspnea", "insomnia", "appetite loss", "diarrhea", and "financial difficulty" (Student's t-test 
P<0.001).
Finally, on analysis with QLQ-HCC18, mIBI was significantly associated with "fatigue", "body image", "nutrition", "pain", "fever", "sex life", and "abdominal swelling" (Student's t-test P<0.03). In summary, patients with higher mIBI score (ie, higher inflammatory status) had worse HRQoL. Additional analyses were conducted using logistic regression, and findings of univariate and multivariate analyses support the above findings (see Tables S3 and S4 ).
Discussion
In the present study, the correlations of HRQoL with inflammatory markers were investigated. C30 and HCC18 index scores, as well as the majority of the domains and items in the EORTC QLQ-C30 and QLQ-HCC18, were significantly correlated with IL-8 level and mIBI. These suggest the potential associations between HRQoL and inflammation, and since IL-8 and mIBI have both been previously shown to be prognosticators, it may help explain previous reports in which HRQoL was found to be a significant prognostic factor for survival in HCC patients that was independent of stage and liver function. [6] [7] [8] [9] C30 and HCC18 index scores were the strongest prognostic HRQoL factors for OS in HCC patients in a previous study; 9 the underlying reason has been suggested to be due to their representativeness of all factors within their respective HRQoL instruments. 9 In the current analysis, the performance of these two index scores remained better than the majority of individual HRQoL factors. This further supports the representative power of these two index scores. As mentioned previously, the simplicity of a single index score, in contrast to a large collection of scores in an HRQoL instrument, enables convenient utilization of complex HRQoL data for routine clinical use. Since QoL index scores have a significant correlation with IL-8 level and mIBI, we tentatively suggest that the inflammatory status of an individual patient may affect his/her HRQoL. Although the majority of factors in QLQ-C30 and QLQ-HCC18 have significant correlations with IL-8 level, it is noteworthy that quite a number of these correlations, which were mainly liver-disease related, were only modest. Among the strongest correlations with IL-8 were QLQ-C30 fatigue, QLQ-HCC18 fatigue, QLQ-C30 appetite loss, QLQ-HCC18 nutrition, and QLQ-C30 role functioning. These factors reflect constitutional symptoms, eg, malaise, anorexia, weight loss, and cachexia. Inflammatory response, as represented by IL-8 level, could potentially cause constitutional symptoms, thereby resulting in QoL impairment that was captured by the present study. In other words, the inflammatory status of HCC patients was associated with a specific pattern of HRQoL impairment, predominantly involving adverse effects on constitutional symptoms but not on factors associated with liver disease-related symptoms. When paralleled with molecular findings, traditional HRQoL assessment has gained The present study is limited by having analyzed only two inflammatory indicators, IL8 and mIBI. Nonetheless, data suggests that the inflammatory process could potentially be a contributing factor to poor HRQoL in patients with HCC. Further studies with other inflammatory indicators are needed.
It has been demonstrated that using interventional therapies such as exercise programs or anti-inflammatory medication could lower certain cytokine levels, thereby improving the HRQoL of cancer patients. [33] [34] [35] [36] Findings from the current study support further investigation to determine the role of therapeutic intervention against inflammatory processes in alleviating constitutional symptoms, thereby improving patient's HRQoL.
Conclusion
Baseline HRQoL using conventional assessment of EORTC QLQ-C30 and QLQ-HCC18, as well as C30 and HCC18 index scores, significantly correlated with inflammatory indicators (IL-8 level and mIBI) in HCC patients. Among the strongest correlations were those between IL-8 level and the two index scores, as well as HRQoL aspects that represent constitutional symptoms within the EORTC HRQoL instruments. The current findings bring forth insights to traditional HRQoL assessment, and could potentially revolutionize the understanding and utility of HRQoL in HCC patients: pattern recognition within a HRQoL instrument could help to identify patients with more severe inflammatory state.
Author contributions
Leung Li, Winnie Yeo, Stephen L Chan, Frankie Mo, Edwin P Hui, Jane Koh, Allen KC Chan, Nelson LS Tang, Kit F Lee, Paul BS Lai, and Simon CH Yu contributed to the following: substantial contributions to conception and design, acquisition of data, or analysis and interpretation of data; drafting the article or revising it critically for important intellectual content; final approval of the version to be published; and agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved. Winnie Yeo provided general supervision to the research group.
Disclosure
The authors report no conflicts of interest in this work. 
